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Lapped Transforms in a JPEG 2000 Coder
Rafael G. de Oliveira and Ricardo L. de Queiroz
Resumo—JPEG-2000 ´ e o ultimo padr˜ ao de compress˜ ao de
imagens e ´ e baseado em decomposic ¸˜ oes espectrais hier´ arquicas
via wavelets. Adaptamos o codiﬁcador de imagens JPEG-2000
para usar transformadas uniformes, trocando o est´ agio de wa-
velet por transformadas sobrepostas. O tamanho dos blocos de
codiﬁcac ¸˜ ao ´ e escolhido de forma que contenha apenas coeﬁcientes
de uma sub-banda, que ´ e codiﬁcada como se fossem coeﬁcientes
da wavelet. Os resultados indicaram um ganho de PSNR para
v´ arias imagens e corroboram resultados pr´ evios que indicam um
ganho t´ ıpico das transformadas sobrepostas sobre wavelet em
compress˜ ao de imagem.
Palavras-Chave—Transformadas sobrepostas, Wavelets, JPEG
2000, EBCOT
Abstract—JPEG-2000 is the latest image coding standard and
is based on wavelet transforms and dyadic spectral decompo-
sitions. We have adapted the JPEG-2000 image coder for use
with uniform transforms, by replacing the wavelet stage by
lapped transforms. We set code-blocks that do not cross subband
boundaries and encode the lapped transform coefﬁcients directly
as if they were wavelet ones. Results indicate a sizeable gain in
PSNR for a number of images and corroborate previous results
indicating typical gains of lapped transforms over wavelets in
image compression.
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I. INTRODUCTION
JPEG 2000 represents the state of art in image compression
standards [1]. Even thought recent results have shown that
the intra frame mode of H.264 might have an even better
performance [2],[3], JPEG 2000 possesses some interesting
features such as progressive compression (which is highly
desirable in slow communication links), lossless and lossy
compression, random code stream access, regions of interest,
etc.
Many previous results have shown that some lapped trans-
forms might haver superior coding gain in comparison to wa-
velets. For example, in [4], there are many comparisons among
transforms such as the discrete cosine transform (DCT) [5],
the 9/7-tap wavelet transform used in JPEG-2000 [1],[6],[7],
and lapped transforms such as the lapped orthogonal trans-
form (LOT) [8], the generalized LOT (GenLOT) [9], and
the generalized lapped biorthogonal transforms (GLBT) [10].
The comparisons were carried for JPEG [11] and SPIHT
[12] coders. Since early development on lapped transforms
[13],[8], they have been compared to the DCT. In [14] the DCT
was compared directly to wavelet transforms in the context
of a JPEG coder [11], hence, one could indirectly infer the
comparison between lapped transforms and wavelets. Since
then, lapped transforms and coders evolved and, in [15], the
The authors are with the Departamento de Engenharia El´ etrica, Univer-
sidade de Bras´ ılia, Bras´ ılia-DF, Brasil, E-mails: rafael@image.unb.br, quei-
roz@ieee.org.
SPIHT coder [12] was adapted to lapped transforms as well.
Results in [4] point to a small but important improvement
achieved by using lapped transforms for all codecs tested.
The focus of this work is to replace the wavelet transform
used in JPEG 2000 by lapped transforms and to compare
performances. In essence, we extend the above mentioned
comparative works to encompass the JPEG-2000 coder as
well. Only gray scale images are considered here, even though
the coders are transparently applicable to color images as well.
II. REPLACING WAVELETS BY LAPPED TRANSFORMS IN
THE JPEG 2000 FRAMEWORK
JPEG 2000 is based on the embedded block coding with op-
timal truncation (EBCOT) framework. The coefﬁcients of each
subband are divided into blocks. Each block is independently
encoded, bitplane by bitplane, generating embedded streams in
the process, which are concatenated. These embedded streams
are truncated using an optimization algorithm in order to
minimize D + R. The global distortion is calculated from
the contribution of each independent code block:
D =
X
i
Di; (1)
where the distortion of each code-block can be calculated as
Di = Gbi
X
j
(b yi[j]   yi[j])2; (2)
and where Gbi depends on the ﬁlter used to generate the
subband that the block belongs and yi[j] is the j-th coefﬁcient
of the i-th code block. In order to make the coder independent
of the transform used, Gbi was made equal for all subbands.
That may cause some small loss in the performance when
using non orthogonal transformations, like the wavelet used
in JPEG-2000 or the GLBT.
In order to use EBCOT to efﬁciently encode the coefﬁ-
cients, the subbands are encoded separately. For that to work,
regardless of whether transform is uniform or hierarchical,
code-blocks should not cross the subband boundaries. In
other words, each code-block only contains efﬁcients of one
subband. It is preferrable to deﬁne the code-blocks as a
subband such that the entire subband belongs to one code-
block. Examples of code-block partitions are shown in Fig.
1 for the wavelet scheme and in Fig. 2. Note that JPEG-
2000’s desirable features, such as regions of interest, quality
progression, etc., are maintained regardless fo the transform
used.
The rate distortion curves for the popular 512512-pixel
image Barbara are shown in Fig. 3, where the typical PSNR
(in dB) and bit-rate (in bits per pixel, or bpp) parameters
were used. Since it is difﬁcult to compare the different curvesXXV SIMP ´ OSIO BRASILEIRO DE TELECOMUNICAC ¸ ˜ OES - SBrT 2007, 03-06 DE SETEMBRO DE 2007, RECIFE, PE
Fig. 1. Original codeblock and subband partition of coefﬁcents for a three-
level wavelet decomposition.
Fig. 2. Codeblock partitioning for a uniform transform, where each code-
block contains one subband, Si;j.
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Fig. 3. PSNR curves for image Barbara and different transforms. Rate is
given in bits per pixel (bpp).
in Fig. 3, we used the standard 9/7-tap wavelet transform
as a reference and plotted the differential PSNR relative to
it. The comparative results for image Barbara in Fig. 3 are
shown again in Fig. 4. The ﬂat line (zero level) represents
the performance of the wavelet and each curve is compared
differentially. The results for three other popular images, Lena,
Baboon and Goldhill, of the same dimensions (512512
pixels) are shown in Figs. 5, 6, and 7, respectively. The
transforms in our comparison are the 8x8 DCT, the 8x48
GenLot, the 8x16 GLBT and the 9/7-tap wavelet, ﬁve level
decomposition. The most impressive result is presented in Fig.
4, where the GenLot has its best results, about 1.8dB above the
wavelet curves. As expected, because of its elegant simplicity,
the DCT had the worst performance.
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Fig. 4. Differential PSNR curves for image Barbara relative to the
performance of the 9/7-tap wavelet.
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Fig. 5. Differential PSNR curves for image Lena relative to the performance
of the 9/7-tap wavelet.
The details of the compressed image Barbara at 0.3 bpp are
shown in Fig. 8 for different transforms.
III. CONCLUSIONS
This short paper introduces the use of lapped transforms in
a JPEG-2000 coder and reports its performance. The results
point to the superior performance of lapped transforms such
as the GenLOT compared to the 9/7-tap wavelet transform
traditionally used with JPEG 2000 coders. For images like
Lena, the GenLOT is superior in some rates and worse forXXV SIMP ´ OSIO BRASILEIRO DE TELECOMUNICAC ¸ ˜ OES - SBrT 2007, 03-06 DE SETEMBRO DE 2007, RECIFE, PE
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Fig. 6. Differential PSNR curves for image Baboon relative to the perfor-
mance of the 9/7-tap wavelet.
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Fig. 7. Differential PSNR curves for image Goldhill relative to the
performance of the 9/7-tap wavelet.
others. For other images the GenLOT consistently outperforms
the wavelet decomposition. Actually, for image Barbara, gains
are in the order of 1.5 dB, which is a staggering margin. This
result is one more evidence of the competitive performance of
uniform lapped transforms in image compression.
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Fig. 8. Detail of image Barbara compressed at 0.3 bits/pel. (a) DCT, (b) wavelets, (c) 816 GLBT, (d) 848 GenLOT.